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Abstract: Strategies implemented worldwide to contain COVID-19 outbreaks varied in severity 16 
across different countries, and established a new normal for work and school life (i.e. from home) 17 
for many people, reducing opportunities for physical activity. Positive relationships of physical ac- 18 
tivity with both mental and physical health are well recognised, therefore the aim was to ascertain 19 
how New Zealand’s lockdown restrictions impacted physical activity and mental health and well- 20 
being. Participants (n = 4007; mean ± SD: age 46.5 ± 14.7y, 72% female, 80.7% New Zealand Euro- 21 
pean) completed (10–26 April 2020) an online amalgamated survey (Qualtrics): International Phys- 22 
ical Activity Questionnaire: Short Form; Depression, Anxiety and Stress Scale-9; World Health Or- 23 
ganization-Five Well-being Index; Stages of Change Scale. Positive dose response relationships be- 24 
tween physical activity levels and wellbeing scores were demonstrated for estimates that were un- 25 
adjusted (moderate activity OR 3.79, CI 2.88–4.92; high activity OR 8.04, CI 6.07-10.7) and adjusted 26 
(confounding variables: age, gender, socioeconomic status, time sitting, co-morbidities) (moderate 27 
activity 1.57, CI 1.11-2.52; high activity 2.85, CI 1.97-4.14). The study results support previous re- 28 
search demonstrating beneficial effects of regular physical activity on mental health and wellbeing. 29 
Governments may use such results to promote meeting physical activity guidelines in order to pro- 30 
tect mental health and wellbeing during the ongoing COVID-19 and future pandemics.  31 
Keywords: Coronavirus; pandemic; exercise; depression; anxiety; wellness; physical distancing; 32 
lifestyle behaviour change 33 
 34 
1. Introduction 35 
Engagement in physical activity is a major determinant of health, and when one’s 36 
ability to be physically active is restricted, health is compromised [1]. Exposure of humans 37 
to the coronavirus disease 2019 (COVID-19) forced governments around the world to de- 38 
velop containment strategies in attempts to restrict the spread of the virus. A deleterious 39 
consequence of such containment strategies is the potential reduction in physical activity 40 
opportunities and increased sedentary activities such as use of computers and televisions 41 
or working from home (the latter eliminates active transport or active job environments) 42 
[2-7]. One immediate health risk, as a consequence of lockdowns worldwide, is a negative 43 
effect on mental health and wellbeing, especially in individuals that may be at risk of 44 
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mental health disorders [8]. If lockdowns are continued for longer periods or result in a 45 
sustained decrease in physical activity due to behaviour change, then COVID-19 contain- 46 
ment strategies may also have a negative effect on cardiometabolic health [1], with a re- 47 
sultant increase in health economic burdens worldwide. 48 
On 21 March 2020, the New Zealand Government instituted a containment strategy 49 
known as the 4-tiered Alert Level System (from Level 1 with life as normal but with border 50 
restrictions, through to Level 4 with severe containment), that restricted individuals’ ac- 51 
cess to many services and activities, including physical activity [9]. The most severe alert 52 
level (Level 4) was put in place for all of New Zealand on 25 March 2020. This alert level 53 
was subsequently lowered to Level 3 on 27 April, and then progressively reduced to Level 54 
1 on 8 June 2020 [9]. Alert Level 4 reduced the ability of individuals to partake in many 55 
kinds of physical activity, removing access to organised sport, community-based exercise, 56 
fitness centres and community playgrounds, and limited access to public parks. New Zea- 57 
land residents were instructed by the Government to self-isolate into “bubbles”, defined 58 
as the group of people with whom one resides. Moreover, implementing physical distanc- 59 
ing (maintaining a minimum distance of 2 metres) from others outside of one’s bubble 60 
was stipulated to reduce social contact during Level 4 containment. This degree of re- 61 
striction was likely to have had detrimental effects on physical activity routines and be- 62 
haviours [2], and consequently on physical and mental wellbeing [10]. One of the largest 63 
impacts on individual physical and mental health may have resulted from the closure of 64 
facilities, such as gyms and sporting facilities, playground equipment, cinemas, restau- 65 
rants, sport spectating venues and places of worship. 66 
The New Zealand Government limited outdoor physical recreation to locations in 67 
the local neighbourhood which could be accessed by active transport (i.e., by foot or bicy- 68 
cle) rather than requiring public transport or personal vehicles [9]. This meant that resi- 69 
dents could use their homes, backyards, local streets and nearby parks in which to be 70 
physically active, however, driving for the sole purpose of exercising, e.g., to the beach 71 
for a swim, was not permitted. Limitations were also imposed on higher risk activities like 72 
mountain biking and surfing which have greater potential for injury, potentially placing 73 
undue strain on emergency response personnel needed for the expected sharp rise in 74 
COVID-19 patients [9]. Unlike in many European countries, the New Zealand Govern- 75 
ment placed no limitation on the number of times residents could leave their homes to 76 
engage in physical activity, which did allow a degree of freedom for individuals to choose 77 
their physical activity time, frequency and duration [11].  78 
A recent containment study, using data from 455,404 mobile phone users worldwide, 79 
saw a 27.3% reduction in daily step counts (a proxy for physical activity) after 30 days of 80 
confinement [5]. A similar study, which collected data on over 30 million customers 81 
worldwide by an electronic fitness company (Fitbit) during March 2020, identified a sub- 82 
stantial reduction in daily step counts (ranging from 4 to 38%) compared with the same 83 
time the previous year (i.e., 2019) [2]. Other researchers have reported a 32% decrease in 84 
the physical activity of American adults during COVID-19 containment restrictions [3], 85 
with those individuals who were completing strict self-isolation showing even lower 86 
physical activity levels. It is reported that increases in physical activity are not only asso- 87 
ciated with improvements in physical health but are positively associated with subjective 88 
wellbeing [12]. This relationship, however, is bidirectional such that physical activity is 89 
considered beneficial in supporting behaviours that promote health and wellbeing, rein- 90 
forcing regular physical activity participation and subsequently aiding positive subjective 91 
wellbeing [12]. Thus, despite the containment strategies implemented, the New Zealand 92 
Government still encouraged participation in some form of physical activity (e.g., walking 93 
around the block) [9]. The effect of maintaining physical activity for mental health and 94 
subjective wellbeing during the COVID-19 lockdown has been explored in number of in- 95 
vestigations [3, 8, 10, 13]. Research has found that individuals who did not reach physical 96 
activity guidelines and engaged in more screen time during the COVID-19 containment 97 




restrictions had higher scores of depression and stress than those who exercised more 98 
during this period [3]. Pears et al. [13] found that key sociodemographic and health out- 99 
comes, as well as sitting time, explained 42% and 27% of the variance in depression and 100 
subjective wellbeing scores, respectively. Subgroup analysis has identified inter-individ- 101 
ual differences in mental health during containment analysis [8], with some groups 102 
demonstrating an improvement in mental health and wellbeing due to the reduction in 103 
mundane stress-inducing factors, commuting and workload. However, others (e.g., older 104 
adults, those suffering from mental health disorders/low mental health scores, socially 105 
deprived, financially stressed) are likely to experience a continued and progressive de- 106 
cline in mental health and wellbeing scores [8]. In these individuals, the impact of reduced 107 
physical activity may be exacerbated by declines in mental health and wellbeing, and sub- 108 
sequently lower the intention to exercise, exacerbating the deleterious effects on both 109 
physical health and mental wellbeing.  110 
At the time of writing (16 months after initial lockdown), New Zealand’s contain- 111 
ment strategy has been relatively successful at containing the COVID-19 outbreak, mov- 112 
ing from lockdown Level 4 to Level 1 within 11 weeks, and remaining largely free from 113 
community transmission since this time. However, the initial response did come with 114 
physical activity restrictions, isolation from family and friends and disruption to normal 115 
routines, all of which can contribute to poor physical (obesity, cardiovascular disease, 116 
bone density loss, lower aerobic capacity) [14] and mental (higher levels of anxiety and 117 
stress) [15] health outcomes and subjective wellbeing [12]. Evidence for the relationship 118 
between physical activity and mental health during containment strategies throughout 119 
the COVID-19 crisis is still emerging. Therefore, information on the impact of lockdown 120 
strategies from various global regions may help governments improve future lockdown 121 
strategies to minimise or mitigate negative effects on physical and mental health. The aim 122 
of this study was to examine changes in physical activity, mental health and wellbeing 123 
brought about through the COVID-19 Level 4 lockdown restrictions in New Zealand as 124 
compared with pre-lockdown figures. 125 
2. Materials and Methods 126 
Cross-sectional data related to the Level 4 lockdown (25 March to 26 April 2020) of 127 
government-led containment strategies in New Zealand were collected using Qualtrics 128 
online survey software (Qualtrics, Provo, Utah). The research was deemed a low-risk no- 129 
tification by Massey University Human Ethics Committee (Approval number 130 
4000022445). Research was conducted in accordance with the Declaration of Helsinki. The 131 
study adhered to current epidemiological guidelines (Strengthening the Reporting of Ob- 132 
servational Studies in Epidemiology - STROBE) [16]. All participants provided informed 133 
consent at the start of the survey. The sample size was unlimited, meaning anyone meet- 134 
ing the eligibility criteria was eligible to participate. 135 
Convenience and snowball sampling (mass emailing, social media and national ra- 136 
dio) were employed during the early period (10-26 April 2020) of COVID-19 government 137 
mandated restrictions. All adults aged 18 years and older and living in New Zealand dur- 138 
ing the Level 4 lockdown with access to the online survey were eligible to participate.  139 
The survey took approximately 15 minutes to complete and collected information on 140 
physical activity (International Physical Activity Questionnaire: Short Form [IPAQ-SF]) 141 
[17], mental health (Depression, Anxiety and Stress Scale-9 [DASS-9]) [18, 19], subjective 142 
wellbeing (World Health Organization-Five Well-being Index [WHO-5]) [20], and exer- 143 
cise behaviour change (Stages of Change Scale) [19]. Additionally, demographics were 144 
collected, including age, gender, living situation, perceived income security, work status 145 
(essential or non-essential), and whether comorbidities were present and affected physical 146 
activity. All items were assessed during the initial Level 4 lockdown, with some items 147 




(e.g., stages of change items, meeting physical activity guidelines) also assessed retrospec- 148 
tively to query how attitudes and physical activity levels may have changed from pre- to 149 
during lockdown. 150 
The IPAQ-SF is a valid [pooled ρ for comparisons between long and short forms was 151 
0.67 (95% CI 0.64–0.70)] and reliable (ρ = 0.77-1.00) tool [17] developed to measure physical 152 
activity. The 7-item short form records the activity “over the last 7 days” with four inten- 153 
sity levels: vigorous-intensity, moderate-intensity, walking and sitting [17]. Using the 154 
IPAQ-SF on large populations has been validated as an acceptable physical activity meas- 155 
urement tool [21].  156 
The DASS is a commonly used self-report scale that assesses symptoms of depres- 157 
sion, anxiety and stress [18]. The 9-item DASS-9 questionnaire (empirically-derived ver- 158 
sion based on the DASS-21 [22]) consists of three subscales (depression, anxiety and 159 
stress). The DASS-9 has been shown to have acceptable to excellent concurrent internal 160 
consistency [23], 0.72 for the total scale and 0.52, 0.57, and 0.55 for the depression, anxiety, 161 
and stress subscales, respectively, while good construct and convergent validity have 162 
been reported [24]. Each item was scored on a 4-point severity/frequency scale from 0 163 
(never) to 3 (almost always) to rate participants’ experiences over the past week. The three 164 
subscales of the DASS-9 were each cumulatively scored between 0 and 9, with higher 165 
scores demonstrating poorer mental health. 166 
The WHO-5 is a short 5-question global rating scale that indicates subjective wellbe- 167 
ing, and has shown good contrast validity [20]. The WHO-5 includes the following items: 168 
i) I have felt cheerful and in good spirits; ii) I have felt calm and relaxed; iii) I have felt 169 
active and vigorous; iv) I woke up feeling fresh and rested; and v) My daily life has been 170 
filled with things that interest me. Each of the five items was scored from 0 to 5. The total 171 
raw score was translated into a percentage (raw score multiplied by 5) ranging from 0 172 
(absence of wellbeing) to 100 (maximal wellbeing).  173 
Participants were asked to self-report their exercise intentions for two time periods: 174 
pre-Level 4 lockdown (February 2020) and during Level 4 restrictions. The following re- 175 
sponse options were rated according to the Stages of Change Scale [19]: i) I currently do 176 
not exercise and do not intend to start in the next 6 months; ii) I currently do not exercise 177 
but I am thinking about starting in the next 6 months; iii) I currently exercise a little but 178 
not regularly; iv) I currently exercise regularly but have begun doing so in the last 6 179 
months; or v) I currently exercise regularly and have done so for more than 6 months. 180 
Borrowed from the Transtheoretical Model of Behaviour Change, these statements align 181 
with Pre-contemplation, Contemplation, Preparation, Action, and Maintenance stages, re- 182 
spectively [25].  183 
The primary outcome measure was self-reported physical activity level and the in- 184 
dependent variables were mental health (depression, anxiety and stress), subjective well- 185 
being, and exercise intention (pre- and during Level 4 lockdown). The potential confound- 186 
ing variables were demographics, including age, gender, living arrangements, income, 187 
and employment (“essential worker” or not). The overarching research question was, 188 
“What is the impact of physical activity on mental health and wellbeing during a stringent 189 
period of lockdown in New Zealand?” 190 
2.2. Data Analysis 191 
Data gained from the IPAQ-SF were coded and analysed using the recommended 192 
guidelines found on the IPAQ website (www.ipaq.ki.se). Using the IPAQ scoring system, 193 
the total number of days and minutes of physical activity were calculated for each partic- 194 
ipant in the areas of moderate- and vigorous-intensity activity along with walking and 195 
sitting. In addition, total time spent walking and in moderate- and vigorous-intensity ac- 196 
tivity were converted to continuous variables (MET·min·week-1) according to the recom- 197 
mended guidelines and then summed to give total physical activity (MET·min·week-1). 198 




The survey data were entered into a Jupyter notebook and statistical analysis was 199 
completed on R (Version 3.5.1). Only individuals who completed all survey items were 200 
included in the statistical analysis. Surveys with missing data (n = 678) were omitted from 201 
the dataset. For the IPAQ-SF, the total physical activity data were not normally distributed 202 
so were converted into three equal tertiles. All participants were ranked, with the lowest 203 
33% being in the low level, middle 33% in the moderate level and top 33% being in the 204 
highest level of total physical activity. Similarly, the total time participants spent sitting 205 
(min·week-1) was converted into three equal tertiles based on the lowest, middle and high- 206 
est level of total sitting time, as sitting time was also not normally distributed. Scores for 207 
total physical activity and sitting time were then each entered into separate multiple re- 208 
gression models with the lowest levels being compared separately to the moderate level 209 
and then the highest level. The DASS-9 was analysed in the regression models using the 210 
total score that ranges from 0-27 (sum of depression, anxiety and stress scores); where 211 
higher scores related to higher overall depression, anxiety and stress scores. The WHO-5 212 
scores were also not normally distributed so a cut-off point of 50 was used to convert the 213 
WHO-5 into a binary variable, whereby ≤50 was classified as a lower wellbeing and those 214 
whose scores were >50 as a higher wellbeing.  215 
The binarised WHO-5 scores were used as an outcome variable and assessed the im- 216 
pact of tertiles of physical activity as explanatory variables in a series of multivariable 217 
logistic regression models. In these logistic regression models, we reported the odds ra- 218 
tios, 95% confidence intervals (CI) and associated p-values. However, as both wellbeing 219 
and extent of physical activity were likely to be independently impacted by demographic 220 
variables (age and gender), comorbid conditions that would limit a person’s physical ac- 221 
tivity levels, sedentary lifestyle (the time spent sitting as opposed to spent in active move- 222 
ments), exercise intention, and perceived income levels, these were treated as confound- 223 
ing variables and were controlled for in a stepwise series of incremental models. If the 224 
magnitude or direction of the effect estimates were to drop or reverse direction, this sug- 225 
gested a confounding variable. 226 
We also assessed the role of an individual’s employment status during Level 4 lock- 227 
down. In New Zealand, an “essential worker” was deemed to be an employee who was 228 
able to continue conducting work on-site that was essential to the basic operation of the 229 
country, i.e., workers from supermarkets, hospitals, emergency services, police, certain 230 
production industries and the like. We assessed the models of the association between 231 
physical activities (after adjusting for other covariates) separately for essential and non- 232 
essential workers and compared their effect estimates. 233 
3. Results 234 
Of the 4007 participants, the mean age was 46.5 ± 14.7 years with 72.0% female and 235 
80.7% New Zealand European (see Table 1). The majority of participants (63.3%) were 236 
between 30 and 59 years old.  237 
Table 1 indicates that living situation both pre- and during lockdown was largely 238 
couples (~33%) and two-parent families (~29%). There was, however, a 79% increase in 239 
those living with extended family, with 8.2% pre-lockdown increasing to 14.7% during 240 
lockdown. This change was likely accounted for mainly by the 10.9% decrease in individ- 241 
uals living alone and a 21.2% decrease in individuals living in flatting or shared household 242 
situations. 243 
Table 1. Frequencies and percentages of all variables (n = 4007). 244 
Variable  
Pre-Level 4  
lockdown  
During Level 4  
lockdown 
  n % n % 
Age (years) <29   619 15.45 




 30-39   775 19.34 
 40-49   910 22.71 
 50-59   853 21.29 
 60-69   578 14.43 
 70-79   250 6.24 
 80+   22 0.55 
Gender Male   1087 27.13 
 Female   2886 72.02 
 Not specified   34 0.85 
Essential worker No   2350 58.65 
 Yes   267 14.15 
Comorbidity affect-
ing engagement in 
physical activity  
Yes   873 21.79 
No   2978 74.32 
N/A   156 3.89 
Living situation Alone 515 12.9 459 11.5 
 Couple 1379 34.4 1287 32.1 
 Two parent family 1162 29.0 1164 29.1 
 Single parent family 121 3.0 114 2.9 
 Extended 328 8.2 588 14.7 
 Flatting 501 12.5 395 9.9 
 Residential Care 1 <0.1 0 0.0 
Met physical activ-
ity guidelines 
Yes 3133 78.1 
No 874 21.9 
Exercise behaviour Did not exercise, no intent in next 6 
months 
42 1.1 31 0.8 
 Did not exercise, thinking to start in 
next 6 months 
95 2.4 131 3.3 
 Exercising a little, but irregularly 735 18.3 572 14.3 
 Currently exercise regularly, only be-
gan in last 6 months 
274 6.8 699 17.4 
 Currently exercise regularly and have 
>6 months 
2861 71.4 2574 64.2 
 245 
Before Level 4 lockdown, 78% of participants reported meeting physical activity 246 
guidelines, and similarly, 71.4% of participants reported exercising regularly for more 247 
than 6 months. The number exercising regularly dropped by 10% to 64.2% during Level 4 248 
lockdown. Those who currently exercised and had begun doing so in the last 6 months 249 
shifted from 6.8% before lockdown to 17.4% during lockdown, a 155% increase. Comor- 250 
bidities affected physical activity engagement for 22% of respondents.  251 
The initial unadjusted binary logistic regression model and the final multivariable 252 
logistic regression model are presented in Tables 2a and 2b, respectively, as evidence of 253 
the impact of physical activity level (tertile of IPAQ scores) on wellbeing after adjusting 254 
for potential confounding variables. The unadjusted estimates suggest that, compared 255 
with those individuals who were least physically active during lockdown (i.e., those in 256 
the lowest tertiles of IPAQ score), those who had moderate levels of physical activity had 257 
higher likelihoods of reporting better mental health status (OR = 3.76, 95% confidence in- 258 
terval: 2.88 – 4.92). Those who reported the highest levels of physical activity (highest ter- 259 
tile of IPAQ scores), compared with those who had lowest levels of physical activity (low- 260 
est tertile of IPAQ scores) were even more likely to report better mental health related to 261 
quality of life (OR = 8.04, 95% confidence interval: 6.07 – 10.7). Hence, physical activity 262 
had both a strong effect on wellbeing and the results further suggest that increased levels 263 




of physical activity were associated with stronger effects on wellbeing. After controlling 264 
for age, gender, socioeconomic status (measured by self-reported sufficiency of income), 265 
time spent sitting, comorbidity affecting ability to be physically active and intention to 266 
exercise, those who reported moderate levels of physical activity were still more likely to 267 
report better wellbeing (middle tertile of IPAQ versus lowest tertile of IPAQ, OR = 1.57, 268 
95% confidence interval: 1.11 – 2.52). Those who had highest levels of physical activity 269 
had even stronger likelihood of having better wellbeing (highest tertile of IPAQ versus 270 
lowest tertile of IPAQ, OR = 2.85, 95% confidence interval: 1.97 – 4.14). 271 
Table 2. a. Single variable logistic regression model where binarised WHO-5 score regressed on 272 









IPAQ Score (Lowest tertile is reference category) 
 Middle tertile 3.76 2.88 4.92 <0.001* 
 Highest tertile 8.04 6.07 10.7 <0.001* 
Abbreviations: IPAQ, International Physical Activity Questionnaire 274 
* indicates statistical significance 275 
Table 2. b. Multivariate logistic regression model of binarised WHO-5 score on IPAQ scores after 276 
adjusting for age, gender, comorbid conditions affecting ability to be physically active, sedentary 277 









IPAQ Score (Lowest tertile is reference category) 
 Middle tertile 1.57 1.11 2.22 0.011* 
 Highest tertile 2.85 1.97 4.14 <0.001* 
Age in years (<29 is reference category) 
 30-39 0.89 0.70 1.13 0.345 
 40-49 0.97 0.77 1.23 0.804 
 50-59 1.73 1.35 2.22 <0.001* 
 60-69 2.63 1.96 3.52 <0.001* 
 70-79 4.09 2.61 6.42 <0.001* 
 80+ 2.19 0.74 6.50 0.159 
Gender (Male reference category) 
 Female 0.87 0.73 1.04 0.136 
 Undeclared 0.93 0.40 2.14 0.861 
Comorbidity affects PA 
 PA is affected vs not affected 2.02 1.70 2.41 <0.001* 
Time spent sitting (Lowest tertile reference category) 
 Middle tertile 0.79 0.65 0.96 0.017* 
 Highest tertile 0.68 0.56 0.82 <0.001* 
Exercise intention (Did not exercise, no intent in next 6 months reference category) 
 Did not exercise, thinking to start in next 6 
months 
0.61 0.23 1.63 0.324 
 Exercising a little, but irregularly 0.89 0.36 2.21 0.798 
 Exercise regularly, began in last 6 months  2.07 0.83 5.20 0.120 
 Currently exercise regularly and have for >6 
months 
2.16 0.87 5.39 0.097 
Enough income to meet needs (Not enough reference category) 





Only just enough money 1.47 0.93 2.32 0.095 
Enough  2.02 1.33 3.08 0.001* 
More than enough  2.37 1.56 3.62 <0.001* 
Do not know  0.74 0.23 2.37 0.618 
Abbreviations: IPAQ, International Physical Activity Questionnaire; PA, physical activity 279 
* indicates statistical significance. 280 
Furthermore, individuals whose comorbid status did not impact their ability to com- 281 
plete physical activities, were also more likely to report better wellbeing after adjusting 282 
for all other confounders (OR = 2.02, 95% confidence interval: 1.70-2.41). Finally, inference 283 
from the analysis suggested that the longer one spent sitting (or the more the tendency of 284 
sitting), the less likely they were to report better wellbeing (middle level of sitting com- 285 
pared with least amount of sitting, OR = 0.79, 95% confidence interval: 0.65 – 0.96). Con- 286 
versely those who had the least hours sitting, were more likely to report better mental 287 
health (OR = 0.68, 95% confidence interval: 0.56 – 0.82).  288 
Only 14% of all participants reported being an essential worker (n = 567), of whom 289 
64% reported a WHO-5 score over 50. Among non-essential workers (n = 2350), 66% had 290 
a WHO-5 score over 50, meaning that both essential and non-essential workers had good 291 
to excellent overall wellbeing (p = 0.347). There were also no statistically significant dif- 292 
ferences between essential and non-essential workers on DASS-9 stress levels (p = 0.697), 293 
with 63% and 64% categorised as being stressed during Level 4 lockdown, respectively 294 
4. Discussion 295 
Results from our study suggest that, during COVID-19 Level 4 lockdown in New 296 
Zealand, there was an apparent dose dependent relationship between physical activity 297 
levels and wellbeing scores; a relationship that remained strong after controlling for age, 298 
gender, sitting time, comorbidities, income and exercise intentions. Better wellbeing 299 
scores were almost three times more likely among participants reporting the highest 300 
amounts of physical activity compared to those with the lowest amount of physical activ- 301 
ity. Even participants reporting only moderate levels of physical activity were over one 302 
and a half times more likely to report better wellbeing relative to those with the lowest 303 
levels. [26]. Although there was a reduction in number of participants exercising regularly 304 
during Level 4 lockdown, those who began exercising during the lockdown more than 305 
doubled. As with levels of physical activity, there was also increasing likelihood of better 306 
wellbeing with greater intention to exercise. These finding aligns well with those from 307 
past studies on physical activity and mental health both before [26] and during the 308 
COVID-19 pandemic [3, 4, 10]. 309 
Wellbeing scores improved with age, with the exception of the oldest (80+ years old) 310 
age group. Consistent with decades of literature in this area, males tended to report better 311 
wellbeing than females and those who did not specify their gender [27-30]; however, the 312 
results were not statistically significant for either. Of note, the 21.8% of participants whose 313 
comorbidities impacted their ability to be physically active were twice as likely to report 314 
lower wellbeing than those whose comorbidities did not affect their ability to be physi- 315 
cally active. Similar findings were reported in research where comorbidity burden in pa- 316 
tients with an implantable cardioverter-defibrillator was associated with poor psycholog- 317 
ical wellbeing and physical health status [31]. Comorbidities may impact on mental health 318 
[32] in a way comparable to the Level 4 lockdown restrictions [4], especially if these re- 319 
strictions resulted in physical activity reductions. Our findings add to the body of evi- 320 
dence that maintaining levels of physical activity at or above national guidelines has ben- 321 
efits for mental health [33, 34] with likely positive effects also on physical health [1, 35]. 322 
More importantly, our findings suggest that enabling and encouraging continued daily 323 




physical activity during pandemics and other periods of physical containment is particu- 324 
larly important to support the mental health and wellbeing of individuals and communi- 325 
ties. 326 
High sitting time was less likely to be associated with better wellbeing, i.e., those who 327 
sat the most during lockdown (once sitting time was split into tertiles) had significantly 328 
poorer wellbeing than those who sat the least. Sitting time may have increased for some 329 
individuals with the change to working from home and missing out on physical activity 330 
associated with commuting to work (cycling, walking to bus stop, walking from parking 331 
building) and the lack of distinction between work and home [36]. Previous research in- 332 
dicates similar sedentary and wellbeing trends outside the lockdown setting [37-39]. 333 
Moreover, those with a greater intention to exercise also reported better wellbeing, alt- 334 
hough these results were not statistically significant.  335 
The early months of the pandemic brought uncertainty to most people’s lives, with 336 
fear of contracting COVID-19, and speculation of widespread job losses and commodity 337 
price increases, to name a few. Our results indicated that wellbeing was significantly 338 
poorer among participants reporting that they did not have enough money versus those 339 
who reported having enough or more than enough money. In this instance, speculated 340 
financial implications of the pandemic may have resulted in greater stress and anxiety for 341 
those who were already not in a strong financial position to a larger extent than for those 342 
with fewer financial worries [40]. Additionally, greater financial security may be corre- 343 
lated with access to fitness equipment (e.g., home swimming pool, bicycles, home-gym 344 
equipment) that enabled alternative permissible physical activity options during the lock- 345 
down, leading to greater perception of wellbeing.  346 
With regard to living situation, we surmise that changes to physical activity routines 347 
may have occurred based on people’s living and surrounding environments. For example, 348 
perhaps young adults (e.g., university students) returned to their family home because 349 
lectures had gone online and university campuses were closed (pre- versus during lock- 350 
down decline in flatting and shared households of 21.2%). Furthermore, older adults may 351 
have moved in with family members (decline in living alone of 10.9% pre- versus during 352 
lockdown) for support such as shopping (which was discouraged for older adults due to 353 
higher contagion risk) or caregiving during the lockdown period. Disruptions to normal 354 
routines caused by changes in living situation and environment likely affected where and 355 
with whom people were able to exercise. These changes may have positively or negatively 356 
impacted the type, duration and enjoyment of physical activities.  357 
We hypothesised that being an essential worker would modify the effect estimate of 358 
physical activity on mental health. However, after adjusting for covariates, we found no 359 
significant differences between essential and non-essential workers on their mental health 360 
according to their WHO-5 and DASS-9 scores. New Zealand had relatively few COVID- 361 
19 hospitalisations, and only 18 COVID-19-related deaths up until the end of the study 362 
period [41], which is in stark contrast to the UK, US and numerous countries throughout 363 
worldwide. It is likely that in our study, only a small proportion of essential workers were 364 
frontline medical staff in hospitals overwhelmed with COVID-19 patients and related 365 
mortality, but instead most were vital workers who maintained basic operations of the 366 
country. It is postulated that having fewer essential workers at the coalface of the pan- 367 
demic in these high-stress frontline settings may have reduced the impact of stress on the 368 
essential worker group as a whole in comparison to other countries during this pandemic. 369 
A New Zealand and Australian study by Hays [42] found that employment status im- 370 
pacted quality of life and mental health, with the top mental health concerns of employees 371 
(n = 3139 professionals surveyed) stemming from financial reasons (40%), return to work 372 
anxiety (29%), and isolation in remote work (28%). When examining the New Zealanders 373 
alone, 29% reported isolation and loneliness when working from home to be the greatest 374 
challenge to mental health and wellbeing during the COVID-19 pandemic. Overall, less 375 
than half of participants in that study rated their current mental health and wellbeing as 376 




positive, a reduction of 21% compared to pre-COVID-19 levels [42]. Our findings some- 377 
what agree, and suggest that the interruption to what was considered to be “normal work- 378 
ing life” prior to the COVID-19 pandemic caused a similar mental health burden on both 379 
essential and non-essential workers. A study investigating consequences of working from 380 
home during COVID-19 lockdowns highlighted a reduction in both incident and struc- 381 
tured physical activity, as well as reductions in subjective physical and mental wellbeing 382 
[36]. More research is needed in this area to examine working from home outside of lock- 383 
down periods and whether or not there are long-term consequences.  384 
Among non-essential workers (n = 2350) there were significant differences in WHO- 385 
5 scores for those reporting the lowest IPAQ tertile scores compared to the middle (p = 386 
0.012) and highest tertile (p = <0.001). However, among essential workers (n=567), there 387 
were no such differences in WHO-5 scores between any of the IPAQ tertiles. This could 388 
be a result of the difference in sample sizes with the non-essential workers sample being 389 
four times larger, hence having more statistical power. Considering that mental health 390 
results were not statistically different between the two groups, perhaps there was in- 391 
creased time and flexibility available for non-essential workers to engage in more physical 392 
activity thus having a greater impact on the WHO-5 score. We did not assess how working 393 
from home may have affected mental wellbeing or physical activity, however recently 394 
published COVID-19 research from the US found that people working from home due to 395 
COVID-19 restrictions reported increased physical and mental health issues [36]. These 396 
health issues were associated with less physical exercise, higher junk food intake, having 397 
at least one infant at home, being distracted while working from home, decreased com- 398 
munication with coworkers, increased workload and hours and adjusting work hours 399 
around others. Addressing these issues may be important for future lockdown scenarios 400 
or if working from home becomes a more acceptable mode of employment and could lead 401 
to more suitable home-office environments, greater productivity and better mental well- 402 
being.  403 
There were a few limitations to consider in this study. First, it must be acknowledged 404 
that New Zealand is a small island nation (population 5.1 M), with a vast ocean physically 405 
separating it from other countries’ borders. As such, New Zealand is arguably better pro- 406 
tected at air and sea ports compared to many other countries, e.g., within Europe. This 407 
heightened ability to control the borders could have helped protect New Zealanders not 408 
only from COVID-19 exposure but also from the stress associated with contracting the 409 
virus. Compared to the management plans of other countries, this may have improved 410 
the wellbeing of New Zealand residents when compared to other countries with densely 411 
populated cities. Since the initial Level 4 restrictions in New Zealand, a total of 26 deaths 412 
related to COVID-19 have been recorded (0.53 deaths per 100,000), the lowest ranking in 413 
the OECD [43]. Low population density in New Zealand meant that there was, in most 414 
locations, plenty of space for physical separation when engaging in outdoor physical ac- 415 
tivities so that no limitations on frequency and duration were needed. Perhaps high-den- 416 
sity cities such as Tokyo, London and Paris would not have been able to enjoy such spatial 417 
freedom when it came to physical activity. As a result, our findings may not be general- 418 
isable to nations with high population density and that share multiple borders with other 419 
countries, as their ability to allow physical activity levels similar to those afforded New 420 
Zealanders during level 4 lockdown may not be possible. Our investigation did consider 421 
the impact of a number of covariates that influence physical activity levels and subse- 422 
quently subjective wellbeing and mental health. Covariate data were obtained from the 423 
start of the lockdown period, however we have limited data from prior to the containment 424 
strategy being implemented. As such, we are unable to ascertain the impact of stress alle- 425 
viation (e.g., absence of commuting and/or reduction in workload) and the positive im- 426 
pact on subjective wellbeing, or if the presence of poor subjective wellbeing and mental 427 
health scores were further exacerbated with lockdown. While the results of this study 428 
highlight the benefits of physical activity for wellbeing and mental health, we should 429 




acknowledge inter-individual differences and the impact of prior mental health and well- 430 
being as influencers on the results which we obtained. The mixed-sex generalisability of 431 
our study is limited by the rather high sample size of females (72%). This is, however, 432 
similar to other investigations that have assessed sitting time and the effect on subjective 433 
wellbeing and mental health in the UK during the COVID-19 lockdown [13]. The sex dis- 434 
tribution in the sample was not unexpected as research has suggested that females are 435 
more likely to respond to online research surveys than males [44], especially if the recruit- 436 
ment relies on convenient and snowballing methods. To ensure equal distribution of sex 437 
in research surveys, recruitment methods may need to be tailored to specific male cohorts 438 
and populations, thus enabling the generalisability of results to the wider population. In 439 
addition, our sample had an overall higher proportion of participants who were more 440 
physically active than the typical levels reported by the general population in New Zea- 441 
land, and a high (80.7%) proportion were European New Zealanders. This sampling bias 442 
may again be the result of recruitment methods employed by the researchers, and in fu- 443 
ture research we may suggest a more targeted recruitment method to ensure a sample 444 
reflective of the population as a whole. A final consideration was that the survey was 445 
available for completion online only, which prohibited participation of those without in- 446 
ternet access. 447 
5. Conclusions 448 
In closing, our findings add further support to the importance of engaging in regular 449 
physical activity, as this is associated with maintaining mental health. Our findings sug- 450 
gest that there was a dose dependent relationship between physical activity and mental 451 
health and wellbeing scores. Issues such as increased stress associated with maintaining 452 
a regular income (financial strain) and/or reduced ability to engage in physical activity 453 
(presence of comorbidity or increased sitting time with working from home) are likely to 454 
reduce subjective wellbeing. It is important that, during future crises resulting in lock- 455 
downs, governments make concerted efforts to develop physical activity-friendly policies 456 
to allow people continued freedom to engage in a preferred duration and frequency of 457 
activity so long as appropriate physical distancing and other necessary safety precautions 458 
are maintained. Consideration should be given to individuals with comorbidities, poor 459 
subjective wellbeing prior to lockdowns, those experiencing financial strain and increased 460 
sitting time due to the working from home environment, as all were found to be nega- 461 
tively associated with physical activity and mental health. Providing support for these 462 
subgroups in the population may aid in providing a buffer to the negative impacts of 463 
physical inactivity on mental wellbeing.  464 
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